Electromagnetic properties of the deformed neutron-odd nucleus 229 Th are investigated in the framework of the unified model, with primary emphasis upon the properties of the low-lying isomeric state.
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J−ℓ−1/2 x K (NℓΛs)|Nℓ − Λ − s . In (1) and (2) χ K are Nilsson orbitals [10] that represent the decomposition of the singleparticle functions of the axially-symmetric deformed potential over the spherical-symmetric functions, Λ and s are projections of orbital moment and spin on the symmetry axis, K = Λ+s.
We define reduced transition matrix elements and reduced transition rates by the relations 3 4π |e| · ZR 2 · β + + (−1)
In (6) u and v are the coefficients of the Bogoliubov transformation, that accounts the superfluid correlations, while e eff is the effective quadrupole charge for the odd particle.
Quadrupole moment of state is expressed via the reduced E2 matrix elements by the relation
Consider now M1 transitions. Because of the particle-hole polarization arising from the spin-dependent interactions between the nucleons, "bare" values of gyromagnetic ratios in nuclei renormalize. In addition, this polarization leads to the appearance of the additional tensor term in the single-particle M1 operator which "opens" l-forbidden transitions in spherical nuclei. In this way, the M1 transition operator in our case reads aŝ
where δμ(M1, tens.)
In (9) τ 3 = +1 for neutrons (n) and
The values of parameters g l , g s and κ were defined by us before [11, 12] from the description of magnetic moments as well as l-allowed and l-forbidden M1 transition rates in spherical nuclei, both near and far from the closed shells. As a result, we obtain the formula for the reduced M1 transition matrix element:
Here,
Magnetic moments of states are defined by the relation
For the E2 transitions between the states of the same rotational band, we may in formula (6) take into account only collective part of the matrix element, as the single-particle one gives only a small contribution. Then, we have standard formulas for the quadrupole moments of states and for the transition rates [7, 9] , where the result depends only on the deformation parameter β and the entering values of J and K:
By using experimental data shown in Fig.1 and formulas (13)- (15), one can easily define the magnitude of the deformation parameter β which average value turns out to be β ≈ 0.22. This is close to the magnitude of β, that corresponds to maximal value of the binding energy B in 229 Th obtained in calculations [13] , which were performed in the Hartree-Fock-Bogoliubov approach with the Gogny interaction. This value of β was used by us in our calculations that involve the "intrinsic" function χ.
Consider now transitions between the states of different bands
2 )K 2 , where the initial as well as final states have different values of (J, J ' ), but the same values of K. We see from formula (6) that in case of the E2-transitions matrix element contains the multiple (u 1 u 2 − v 1 v 2 ), which value is very sensitive to small variation of the single-particle scheme, especially when the entering single-particle orbitals are close to the Fermi level. This is just the case under consideration. In addition, the value of the effective quadrupole charge e eff is rather indefinite here, as it is not clear, what part of the quadrupole transition strength should be included in the single-particle mode after taking into account rotation of the core in the obvious way. Thus, direct calculations of the E2 transition matrix elements are not trustworthy here.
However, one can easily see from formulas (6) and (10) , that if the multipolarity of radiation λ satisfies the condition 
As we know from the experiment the value of B(E2; J 1 = 9/2, K 1 = 5/2 → J 2 = 5/2, K 2 = 3/2) = 6.2(8) W.u., we can define in this way all interband E2-transition matrix elements.
The situation is different in case of M1 transitions. Here, both collective and single-particle parts of the M1 transition matrix element (10) give comparable contributions even in cases of transitions within the same rotational band. In this case, multiple (u 1 u 2 + v 1 v 2 ) is close to unity, while the values of g s and κ are known. Thus, calculations of M1 transition matrix elements were performed in the obvious way, both for interband transitions and for transitions within the same band.
Results of our calculations of the E2 and M1 electromagnetic characteristics of the 229 Th are shown in Tables 1-3. As one can see from Table 1 , the magnitude B(M1; 9/2, 5/2 → 7/2, 3/2) obtained in our calculations is about four times less than the average experimental value shown in [5] . Note however that different experimental values of this quantity differ from each other tenfold more than experimental errors. One can obtain in our calculations average value [5] only if we use g s (n) ≈ g s (n) free , which contradicts generally established conception. Note that if we borrow the value of the M1 single-particle transition matrix element χ 5/2 |m(M1, s.p.)|χ 5/2 from the experimental data on the |9/2, 5/2 → |7/2, 5/2 and |7/2, 5/2 → |5/2, 5/2 M1 transitions, we in the best cases (by taking the proper sign of the matrix element) have the worse agreement with the experiment on the value of the ground-state magnetic moment of 229 Th, as compared to results of direct calculations.
By using data on transition rates shown in Table 1 As a result, the half-life of the state of interest at such small transition energies in practice does not depend on energy, but only on the transition matrix element. In [16, 17] one can find other evaluations of the magnitude of T 1/2 (3/2, 3/2 → 5/2, 5/2) 2 .
Below, we discuss the problem of population of the above-mentioned isomeric state by the method different from α and β-decays. In the paper [19] , authors proposed the method which employs synchrotron radiation, while in [20] the authors suggested pumping 229m Th by the hollow-cathode discharge. Here, we consider the chance for excitation of the isomeric state in 2 The latest theoretical estimations for transition rates in 229 Th are in [18] the Coulomb excitation, the process that was proposed for the first time in [21] and elaborated in details in [22] . For the E2 Coulomb excitation we have
Here, A 1 , Z 1 and E 1 refer to the projectile, E 1 and ∆E are energy in the laboratory system and the excitation energy in MeV, a is half the distance of the closest drawing in the backward scattering. Functions f E2 (ξ, ϑ) are expressed [22] via integrals over trajectories. If ∆E/E 1 = 0, then we obtain
In a general case, we have [22] σ E2 (ξ) = 4.78
where f E2 (ξ = 0) = 0.895. Table 2 : Reduced E2 and M1 transition rates between the levels inside the K = 5/2 and K = 3/2 bands. Here, the B(E2) values are in the Weisskopf units and were calculated by using β = 0.22. Numbers in square brackets show experimental results [4, 5] . The M1 rates are in the units of µ 2 N , and they were calculated by using g s (n, eff) = −2.04 and κ = −0.031 fm −2 . Table 3 : Electric quadrupole and magnetic dipole moments of the lowest states of 229 Th. Here, by calculation of quadrupole moments we used averaged value of β =0.22, while by calculation of magnetic moments we used β = 0.2, g s (n, eff) = −2.04 and κ = −0.031 fm −2 .
For the M1 Coulomb excitation we have
For ξ = 0 we obtain
We see from Eq. (21), that by ∆E → 0 (as in our case) and ϑ → 0 the total cross section logarithmically diverges. At the same time, the probability of the M1 excitation by ξ = 0, P (M1, ξ = 0, ϑ) = dσ(M1, ϑ)/dσ(Coul, ϑ) ∼ ϑ 2 by ϑ → 0. Thus, the divergence of the M1 cross section at ϑ → 0 is due only to the divergence of the Coulomb scattering at ϑ → 0, in this case the the colliding nuclei are far from each other, and the Coulomb interaction between nuclei is really screened by the electron clouds. Really, almost all electron charge of atom is located at distances less than the Bohr radius R B =h 2 /(m e e 2 ). In this way, we should exclude intervals more than R max , i.e. exclude scattering angles less than ϑ min , where Then, we obtain
Here, B(M1) is in the units of µ 2 N and
For ϑ min 1,2 less than 1 0 we have
For protons and α-particles with energies 10 MeV bombarding 229 Th, ϑ min ∼ 0.1 0 and f M 1 (ξ = 0, ϑ min = 0.1 0 ) = 186. The corresponding cross section is negligible as compared to the E2 excitation, this statement is even more valid for excitation of high-lying states, for which the magnitude of f M 1 rapidly decreases, see also [23] . Thus, all levels considered by us here, are populated in the Coulomb excitation by means of the E2 transitions.
One should allow for the fact that settlement of the lowest 3/2 + level may happen not only due to the direct Coulomb excitation from the ground state, but also due to the discharging of the excited higher-lying states. This process is very important as many of these states are actively excited due to large B(E2) values. In this way, we took into account excitation of all levels shown in Fig. 1 , as well as all possible E2 and M1 transitions between them. Corresponding B(E2) and B(M1) values were borrowed by us from Tables 1 and 2 , while the necessary conversion coefficients were borrowed from [24] . Results of our calculations of cross sections are demonstrated in Table 4 . Here, σ corresponds to the direct excitation, while σ eff is the effective cross section, that includes settlement of the 3/2 + 1 state by γ-transitions from the high-lying levels. One can easily see that the allowance of feeding from the high-lying states leads to considerable increase of population of the isomeric state. Note, that taking into account additional excited states leads to further increase of σ eff as compared to σ. . Thus, the counting rate for γ-quanta is only N γ ∼ 2 · 10 −4 s −1 , i.e. ∼ 20 d −1 . However, one should keep in mind that metallic Th is not transparent for "blue" γ-rays. Thus, it is better to use a target from the radiolucent glassy material containing Th atoms.
